The association between rarely used anthropometric measurements (e.g., mid-upper arm, forearm, and calf circumference) and metabolic syndrome has not been proven. The aim of this study was to assess whether mid-upper arm, forearm, calf, and waist circumferences, as well as waist/height ratio and waist-to-hip ratio, were associated with metabolic syndrome. METHODS: We enrolled 387 subjects (340 women, 47 men) who were admitted to the obesity outpatient department of Istanbul Medeniyet University Goztepe Training and Research Hospital between September 2010 and December 2010. The following measurements were recorded: waist circumference, hip circumference, waist/height ratio, waist-to-hip ratio, mid-upper arm circumference, forearm circumference, calf circumference, and body composition. Fasting blood samples were collected to measure plasma glucose, lipids, uric acid, insulin, and HbA1c. RESULTS: The odds ratios for visceral fat (measured via bioelectric impedance), hip circumference, forearm circumference, and waist circumference/hip circumference were 2.19 (95% CI, 1.30-3.71), 1.89 (95% CI, 1.07-3.35), 2.47 (95% CI, 1.24-4.95), and 2.11(95% CI, 1.26-3.53), respectively. The bioelectric impedance-measured body fat percentage correlated with waist circumference only in subjects without metabolic syndrome; the body fat percentage was negatively correlated with waist circumference/hip circumference in the metabolic syndrome group. All measurements except for forearm circumference were equally well correlated with the bioelectric impedance-measured body fat percentages in both groups. Hip circumference was moderately correlated with bioelectric impedance-measured visceral fat in subjects without metabolic syndrome. Muscle mass (measured via bioelectric impedance) was weakly correlated with waist and forearm circumference in subjects with metabolic syndrome and with calf circumference in subjects without metabolic syndrome. CONCLUSION: Waist circumference was not linked to metabolic syndrome in obese and overweight subjects; however, forearm circumference, an unconventional but simple and appropriate anthropometric index, was associated with metabolic syndrome and bioelectric impedance-measured visceral fat, hip circumference, and waist-to-hip ratio.
& INTRODUCTION
Metabolic syndrome (MetS) was described by Reaven in a 1988 Banting award lecture, and the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III) has recommended the most commonly used criteria for diagnosing MetS (1, 2) . The International Diabetes Federation (IDF) recently proposed using lower cut-off values for waist circumference (WC) for some ethnic groups to identify individuals who are likely to have insulin resistance (3) . High waist circumference is a mandatory criterion for MetS diagnosis in the IDF criteria. MetS includes visceral adiposity, which is closely associated with diabetes, hyperlipidemia, hypertension, and cardiovascular disease (MetS components) (4, 5) . The relationship between waist circumference and intra-abdominal obesity depends on age, gender, and ethnicity (6, 7) . Findings in studies of different ethnic groups have revealed inconsistent results (8) (9) (10) (11) .
Although studies have indicated the harmful metabolic effect of high amounts of visceral adipose tissue, evidence suggests that subcutaneous fat is not without harm (12, 13) .
Visceral and subcutaneous fat tissue is associated with inflammatory markers and disease risk (14) . High levels of subcutaneous fat can also contribute to insulin resistance (15, 16) . Moreover, WC is more highly correlated with subcutaneous fat tissue than with visceral adipose tissue (17) .
According to the results of previous studies, in some ethnic groups, the structural heterogeneity of tissue in the abdominal region does not allow the use of a unique definition of abdominal obesity or, consequently, MetS. Several anthropometric indices, such as body mass index (BMI), waist circumference (WC), hip circumference (HC), waist-to-hip ratio (WC/HC), and waist/height ratio (WC/ ht), have been proposed to identify individuals who are at risk of MetS and its components (18, 19) . These anthropometric indices have been investigated in numerous publications, but direct measurements related to the extremities, such as the mid-upper arm circumference (MUAC), forearm circumference (FC), and calf circumference (CC), have not studied in relation to MetS. In addition, the relationship between body composition and these rarely used anthropometric indices has not been reported in any population.
Our purpose was to determine the association between MetS and MUAC, FC, and CC as unusual anthropometric measurements. The correlation of all anthropometric measurements (WC, HC, WC/HC, WC/ht, MUAC, FC, and CC) with % body fat (bioelectric impedance body fat percentage, BEI-BF), visceral fat (bioelectric impedance visceral fat, BEI-VF), and % body muscle (bioelectric impedance muscle percentage, BEI-M) was assessed using the bioelectric impedance method.
& METHODS
We conducted a cross-sectional study of 387 consecutive subjects (340 women, 47 men) aged 18 to 64 years who were admitted to the obesity outpatient department of Istanbul Medeniyet University Goztepe Training and Research Hospital between September 2010 and December 2010. The exclusion criteria included overt or subclinical hypothyroidism, hyperthyroidism, Cushing's disease, insulin-or sulfonylurea-dependent diabetes, malignancy, chronic renal and hepatic failure, and NYHA stage 3 and stage 4 congestive heart failure. The ethics committee of Istanbul Medeniyet University Goztepe Training and Research Hospital, Istanbul approved this study, and written informed consent was obtained from all subjects.
Biochemical measurements
Blood specimens were collected after 10 to 12 hours of fasting. Fasting plasma glucose, total cholesterol, triglycerides, HDL-C, LDL-C, uric acid, fasting insulin, and HbA1c were measured with standard assays. A Roche Cobas 8000 analyzer (Roche Diagnostics, Switzerland) was used to measure fasting plasma glucose (intra-assay cv % 1.7 and 0.7 for low and high concentrations, respectively), uric acid (intra-assay cv % 0.6 and 0.3 for low and high concentrations, respectively), triglycerides (intra-assay cv % 0.9 and 0.6 for low and high concentrations, respectively) and HDL-C (intraassay cv % 0.8 and 0.6 for low and high concentrations, respectively). A Beckman Coulter Unicel Dxl 800 (Beckman Coulter Inc, USA) was used for the insulin assay (intra-assay cv % 5.6, 4. 
Anthropometric measurements and MetS definition
Height (centimeters) and weight (kilograms) were measured with the subjects wearing light clothing and no shoes. BMI (kilograms per square meter) was calculated. WC was assessed at the midpoint between the 12th rib and the iliac crest, while hip circumference was measured at the level of the greater trochanter. WC/HC and WC/ht were then calculated. CC was measured at the widest level while the subject was standing upright. MUAC was measured at the midpoint between the acromion process and olecranon while the palm was held upward parallel to the floor with flexion of the elbow near the body. FC was measured from the widest level while the arm was hanging freely at the side.
MetS is defined based on the presence of three or more of the following criteria: abdominal obesity with waist circumference .94 cm for men or .80 cm for women (2) , triglycerides $150 mg/dl (3), HDL-cholesterol ,40 mg/dl for men or ,50 mg/dl for women (4), blood pressure $130/85 mmHg, and (5) fasting glucose $100 mg/dl (2).
Body composition measurements
Bioelectric impedance (Omron BF 510 body composition monitor, Kyoto, Japan) was used to calculate percent body fat using the following equation: body fat percentage (%) = (body fat mass [kg]/body weight [kg]) 6 100. Visceral fat is represented as levels, and skeletal muscle is shown as a percentage.
Statistics
The statistical analyses were performed using the Number Cruncher Statistical System (NCSS) 2007 & PASS 2008 Statistical Software (Utah, USA) programs. The variables were investigated using graphs (histograms and probability plots), and the Kolmogorov-Smirnov test was used as an analytic method to determine whether the variables were normally distributed. For data analysis, descriptive methods (mean, standard deviation, frequency) were applied. Descriptive statistics are given as means ¡ SD. Categorical data are represented as numbers and percentages. To compare between-group parameters that show normal distribution, Student's t test was used. Receiver operating characteristic (ROC) curves were constructed, and the areas under the curve (AUC) were calculated with a 95% confidence interval. Pearson's coefficient was used for continuous variables with normal distribution. Logistic regression analysis was used to evaluate the independent predictors of MetS. A value of p,0.05 indicated statistical significance.
& RESULTS
The descriptive characteristics of the study population are presented in Table 1 . Comparing the subjects with MetS to the subjects without MetS, there were significant differences in age and BEI-BF, with higher values for both variables at the women with MetS, whereas HDL-C values were lower. For SBP, fasting plasma glucose and higher mean TG values were found in the men with MetS. The mean values for age, BEI-VF, WC, HC, MUAC, FC, WC/height, WC/HC, SBP, DBP, fasting plasma glucose, insulin, HOMA-IR, uric acid, TG, and HbA1c were significantly higher and HDL-C was lower in the subjects with MetS (Table 1) .
In the subjects with and without MetS, body composition was correlated with some of the anthropometric measurements to various degrees. BEI-BF was positively correlated with HC, MUAC, CC, and WC/ht in subjects with and without MetS and negatively correlated with WC/HC in the subjects with MetS. However, BEI-BF was correlated with WC only in the subjects without MetS. BEI-VF was positively correlated with WC, MUAC, FC, CC, WC/ht, and WC/HC in the subjects with and without MetS. BEI-VF was also strongly correlated with CC in the subjects without MetS. BEI-VF was reflected equally well by MUAC and WC/ht, and it was even more strongly correlated with WC in the subjects with MetS. BEI-M was negatively correlated with HC and WC/ht in the subjects with and without MetS, but it was positively correlated with WC and FC only in the subjects with MetS. BEI-M was negatively correlated with CC only in the subjects without MetS. WC/HC was correlated with BEI-M in both groups (Table 2) .
In Figure 1 , the anthropometric measurements' accuracy for diagnosing MetS is compared using plots of the ROC curves. The AUC value for WC/ht was slightly higher than were the AUC values for WC, WC/HC, FC, MUAC, and HC Figure 2 ). In terms of body composition measurements, the sensitivity, specificity, positive predictive value and negative predictive values, respectively, were as follows: 56.38%, 54.04%, 56.61%, and 53.81% for BEI-BF; 71.81%, 64.14%, 70.56%, and 65.53% for BEI-VF; and 46.28%, 49.49%, 49.25%, and 46.52% for BEI-M. 
& DISCUSSION
The main finding of our study suggests that in an obese population, BEI-VF, HC, FC, and WC/HC are associated with MetS to varying degrees. As a direct measure of extremity circumference, FC was closely related to BEI-VF, HC, and WC/HC as an indicator of MetS. We believe that the current study is the first to associate this unusual anthropometric index with MetS. We did not find a study that directly discussed these results as related to unusual anthropometric measurements, such as MUAC, FC, and CC. WC is the main feature of MetS, according to the IDF. However, Tulloch-Reid et al. found that body fat distribution and other general obesity measures are less important in predicting type 2 diabetes mellitus in male subjects with high BMIs (21) . When the BMI is $30 kg/m 2 , WC/ht and WC lose their ability to indicate MetS in men. The San Antonio study concluded that body fat distribution was more strongly related to diabetes risk in subjects with BMIs ,27 kg/m 2 compared with subjects with BMIs .27 kg/m 2 (22) . Different methods, such as air displacement plethysmography, dual energy X-ray absorptiometry, and bioelectrical impedance analysis, were used to determine body composition (21, (23) (24) (25) . However, there have been some discussions about the inaccuracy of the methods for assessing body composition. In the case of intra-abdominal fat distribution, different methods, such as computed tomography and magnetic resonance imaging, have been found to more accurately determine visceral fat and metabolic risk (26, 27) . However, high cost and radiation exposure limit the use of such methods in large epidemiological studies and daily medical practice. Alternative methods have been developed to measure metabolic risk and different body composition; for example, The accuracy of anthropometric measurements and body composition as predictors of MetS were compared using the plots of ROC curves (Figures 1-2) . The AUCs of different anthropometric measurements were in a somewhat similar range, with the exception of CC. This result is in accordance with two prospective studies showing that WC and WC/ht performed equally well in their ability to predict type 2 diabetes in Pima Indians (21, 25) . Hsieh et al. found that WC/ht was a practical and simple anthropometric measurement for identifying subjects of both genders with higher metabolic risk (29) . In a multiethnic study, WC/ht was the most predictive measure of type 2 diabetes, followed by BMI, although central measurements appeared to predict type 2 diabetes in an African American group (18). He et al. found that WC/ht was useful for screening MetS in Chinese women, particularly those older than 70 years (30) . This close association between WC/ht and MetS might be explained by the inverse relationship between height and coronary heart disease in middle-aged men, which was independent of BMI and WC/HC (31). Bosy-Westphal et al. associated WC/ht with MetS and related their results to WC as a risk factor and height as a protective factor that compensates for body composition (supposing that fat-free mass or muscle mass was reflected by height) (23) .
In subjects with MetS, as BEI-BF increases, WC/HC decreases. This result is supported by the results of a study showing that WC is strongly correlated with visceral fat tissue and subcutaneous fat accumulation (17) . Although WC/HC is the index that is most frequently used to report the regional distribution of body fat, in epidemiological studies, it is important to be cautious when using WC/HC as an indicator of visceral fat accumulation because of its inability to assess changes in visceral fat quantity during weight loss or gain (32) .
WC increases as BEI-BF increases and reflects BEI-BF moderately only in subjects without MetS. Furthermore, the other anthropometric measurements were correlated with BEI-BF with different degrees of FC and WC/HC.
HC had a moderately positive correlation with BEI-VF only in the subjects without MetS, whereas all other anthropometric measurements were positively correlated with BEI-VF in subjects with and without MetS. The positive correlation of HC with BEI-VF could be explained by the protective effect that a wider HC has on high VF levels in subjects without MetS. HC could overcome the negative metabolic effects of VF.
BEI-M had a weak correlation with WC and FC only in the subjects with MetS, while CC was negatively correlated with BEI-M in the subjects without MetS. At a given WC, the mortality rate ratio decreased as BMI increased. This decrease was noteworthy at lower WCs and was weaker at higher WCs. WC was only weakly reflected by BEI-M, which could be explained by the protective effect of a high BMI, which may be caused by a higher absolute amount of lean body mass in relation to visceral adipose tissue, as reflected by WC.
In conclusion, as an unusual anthropometric measurement, FC was associated with MetS, BEI-VF, HC, and WC/ HC in obese and overweight subjects.
This study has some limitations. First, a larger sample size would result in more significant and meaningful findings, particularly in regard to other unusual anthropometric measurements. Second, methods other than bioelectrical impedance analysis should be used to assess body composition. Despite the inaccuracies of impedance measurements, some studies have used them to evaluate body composition (21, 25) .
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